intel- 



4004 

SINGLE CHIP 4-BIT 

P-CHANNEL MICROPROCESSOR 

• 4-Bit Parallel CPU With 46 
Instructions 



a Instruction Set Includes 
Conditional Branching, 
Jump to Subroutine and 
Indirect Fetching 

■ Binary and Decimal 
Arithmetic Modes 

■ 10.8 Microsecond 
Instruction Cycle 



CPU Directly Compatible 
With MCS-40 ROMs and 
RAMs 

Easy Expansion — One CPU 
can Directly Drive up to 
32,768 Bits of ROM and up 
to 5120 Bits of RAM 

Standard Operating 
Temperature Range of 
0« to 70° C 

Also Available With -40*' 
to -^85** C Operating Range 



The Intel* 4004 is a complete 4-btt parallel central processing unit (CPU) The 4004 easily interfaces with keyboaros. 
switches, displays. A-0 converters, printers and other peripheral equipment 

The CPU can directly addres 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be 
directly addressed. 

The 4004 is fabricated with P-channe< silicon gate MOS technology. 
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Pin DMCription 




- COlTROi 
OtfTFVr 
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D0O3 

BIDIRECTIONAL DATA BUS. All addrtn and data 
communication batwaan tha procasaor and tha RAM 
and ROM chips occurs on thasa 4 Unas. 

RESET 

RESET input. A logic "1" laval at this input claars 
all flags and sutus ragistars and forcas tha program 
oountar to zaro. To complataly claar all addrass 
and indax ragistars, RESET must ba appliad for 64 
clock cyclas (8 machina cyclas). 

TEST 

TEST input. Tha logical stata of this signal may ba 
tastad with tha XN instruction. 

SYNC 

SYNC output. Synchronization sigrtal gan a r at a d by 
tha pfO cas BOf and sat to tha ROM and RAM chips. 
It ifKlicatas tha baginning of an instruction cycla. 



CM-ROM 

CM*ROM output. This is tha ROM salactton signal 
sant out by tha prooasaor whan data is raquirad 
from program mamory. 

CMRAMo-CM^RAMs 

CM<R AM outputs. Thasa ara tha baf)k salaction sig- 
nals for tha 4002 RAM chips in tha systam. 

Two phasa clock inputs. 

Most positiva vottaga. 

Vbo 

Vss *1S ±5% main supply vottaga. 
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instruction Set Format 

A. Machine Instructions 

• 1 word instruction - 8-bits requiring 8 clock periods (instruction cycle). 

• 2 word instruction - 16-bits requiring 16 clock periods (2 instruction cycles). 

Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4*bits is the CPA field containing the modifier. For two word instructions, 
the second word contains address information or data. 

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (CPA) during and M2 
times respectively. 
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TWO WORD INSTRUCTIONS 
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Table I. Machirw Inttruction Format 



B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the OPR contains a 4 bit code which identifies either 
the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit code which 
identifies the operation to be performed. Table II illustrates the contents of each 4-bit field. 
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Table II. I/O and Aecumulator Group Instruction Formats 
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4004 Instruction Set 

BASIC INSTRUCTIONS (' = 2 Wbrd Instructions) 
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0,0,0,0, 


oucRirroH of 0KR«m 


00 


NOP 








No opcrition. 
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1 
A, A, A, A, 


A( A| Ai A^ 


Jump to ROM addrtss A, A, A,. A, A, A, A. {wimn trte same 
ROM thai contacts this JCN Astruction) \i condtion C, C» C, C« 
IS trut. othorwtst go to the next Nistruction 
in sequence 






10 
0,0,0,0, 


R R R 

0,0,0,0, 


Felch enmediaie (drect) from ROM Oatt 0, 0, 0, 0, 0, 0. 0. 0, 
to index regttter pair iocatx)n RRR 




pm 


11 


R R R 


Fetch indirect from ROM Send contents of index regslir par 
location out u an address Data fetched is placed mio reo«ier 
peff locatNm RRR 
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ft A R 1 

n n 1 


Jump indirect Send contents of regtstcr pav RRR mil as an address 
at A, and A, time m the instructMtn cyde. 
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At A, A, A, 


A, A, A, A, 

A A A A 

n« A, 


Jump unconditonal to ROM address A, A, A, A, A, A, A, A, 

A A A A 

. 
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A, A, A, A, 


A A A A 
A, A, A, A, 

Af A, A, A, 


Jump to suorounne hum aooress a, a, a, a^ a, a^ a^ a, 
A, A, A, At. save old address (up 1 leifoi m stack ) 
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inaement contents of rcooter RRRR 
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A, A, A, A, 


R R R R 

A, A, A, A, 


increment contents oi reowor hhrm t>oionuMaooressArA|AfA| 
A, A, A, A, (wrthin the same ROM mat contaxis this tS2 instruction) 
if result # 0. otherwise oo to the next xistructnn xi sequence 
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Add comems of regisier RRRR to accumuMr wdh carry 
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R R R R 


SuMract comanis of reg«ter RRRR to accumulalor with tMrrow 
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LO 
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R R R R 


La«d contents of register RRRR to accumulalor 




XCH 


10 11 


R R R R 


Exchange contents of mdex register RRRR and accumulalor 
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Branch back (down i level m slack) and toad data 0000 to 
accumuMr 




LOM 
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Load dau 0000 to accumulalor 
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Qear t>om (Accumulator and carry) 


F1 


etc 


1111 
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Clear carry. 
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Increment accumuMr 
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Compiemtftt carry 
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Rotate left (Accumulator and carry) 


H 


RAR 


1111 


110 


Rotate right (Accumulator and carry) 
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Tranamii carry to accumulalor and dear carry. 
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Oecrement accumulalor 
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Transtor carry subnet and clear carry 
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Set carry 




OAA 


1111 


10 11 




K 




1111 


110 


Keyboard process Converts the contents of the accumulalor from a 
one out of tour code to a bxiary code 
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4001/4002/4008/4009/4289 
INPUT/OUTPUT AND RAM INSTRUCTIONS 
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RAM status character 


ES 




1 


1 


1 








1 





1 
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Write the contents of the accumulator mto the previously selected 
RAM status character 3 
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Subtract the prevmusiy selected RAM mam memory character 
from KCumuiator with borrow 


E9 


ROM 


1 


1 


1 





1 








1 


Read the previously selected RAM mam memory character mio 
the accumuiator 
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the accumulator (l/OLmes) 
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Add the prevwusly selected RAM mam memory character to 
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Read the previously selected RAM status character 2 imo 
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accumulator 
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Absolute Maximum Ratings* 



Ambient Temperature Under Bias 

Storage Temperature 

Input Voltagea and Supply Voltage 

with respect to Vss 

Power Ofssipation 



... o^c to 7(rc 

-55*C to ♦ 125'C 

♦0,5V to -20V 
.... 1.0 Watt 



S/r»M«f aftov* r/XM* und9f 'AOtoiuf IMxtmum Ratmga 
m^f csum pfm^n0nt Ofn^gm to ttm Omftem r/iis ta « jifMj rating 
onty %nd function^ opfttcn ot th9 Mvic* «f th%a9 or any otfmr 
condittona «6ov« mom tnOKafa m th9 oovraf rona/ s9cttoet$ of tftt$ 
sp^thcMtton ta not tmptmd. 



D.C. and Operating Characteristics 

Ta - O'C to 70*C: Vss -Vdd " 15V t 5%; t^ - t^Dl " 400 ntac: logtc "0" is definad u tha mora potitwa voltage 
(V|H. Voh); togtc "^" is defined as ttw mora nagativa voltaga (V|l« Vq^); Unless Otherwisa Specified. 

SUPPLY CURRENT 



Symbol 


Pw«m«ttr 


Min. 


Limit 
Typ. 


Max. 


Unit 


Ttft Condftkins 


bo 


Avirage Suppty Current 






40 


mA 


Ta-25''C 


INPUT CHARACTERISTICS 


H.I 


input Ltakagc Currant 


10 




V|L-Voo 


Vim 


Input High Voltaga (Excapt Cloek*) 








V 






Input Low Voltaga (Exoapt Ctoekt) 


M» 




\%i-S.S 


V 




ViLO 


Input Low VoKaga 


Vbo 




>te-4.2 


V 


4004 TEST Input 


VlHC 


Input High Voltaga Oockt 








V 




ViLC 


Input Low Volt«o> Oockt 


HlO 




\%-13.4 


V 




OUTPUT CHARACTERISTICS 


Ilo 


Data But Output Laakaga Currant 


10 




H)UT-12V 


VbH 


Output High Voltaga 








V 


Capadtanea Load 


tot 


Data Unas Sinking Currant 


8 


18 




mA 






CM-ROM Sinking Currant 


0.8 


12 




mA 




hL 


CM-RAM Sinking Currant 


2.8 


8 




mA 




Mat 


Output Low Voltaga, Oau But. CM, SYNC 


>%B-12 




>^S 


V 


IOL-0.SmA 


Ron 


Output Ratistanca. Data Lina "0" Laval 




ISO 


280 


n 


VboT-VB-.SV 


Boh 


CM-ROM Output Raiiitanei, Data Lina "0" LaMi 




320 


800 


n 




ROH 


CM-RAM Output Ratiftanca. Data Lina "0" Laval 




1.1 


1.8 


kSl 




CAPACITANCE 




CkMit Capacitanea 




14 


20 


pF 


ViM->%i 


Cm 


Data But Capacitanea 




7 


10 


PF 




Cm 


Input Capacitanea 


10 


pF 




CoUT 


Output Capacitanea 


10 


pF 
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Typical D.C. Characteristics 



V$ Tf M^RATUnC 




30 40 to M 



AMOIiNT TCMTEnATUMC TO 



A.C. Characteristics 

Ta=0'C to 70* C, V^-Vfco = 15V ±5% 



Symbol 


Piromotor 


Limit 

Min. Typ. Man. 


Unit 


Tost Conditions 




Clock Piriod 

dock B'm Time ; 
Clock Fall Tinm 


1.35 2.0 
iO 
iO 


lime 
nt 
nt 






Qock Width 

Clock 0«liv #1 to #3 

Clock D«I«Y ^ to > 
Oau-ln. CM, SYNC Writt Timt 
Oau-ln, CM. SYNC Hold Tim 


380 480 
400 S60 

160 

360 100 
40 20 


nt 
ns 
ns 
nt 
nt 






0«ta Bus Hokt Tim Our ino M^-Xi ifid 
•nd X2-X3 Transition. 


110 


nt 






Sat Tima (Rafartnca) 





ns 




tOH 


Data-Out Access Tima 

OaU Linas 

Data Linat 

SYNC 

CM-ROM 

CM-RAM 
OataOut HoM Tima 
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CouT * 

SOOpF Dau Linat 
200pF Data Unarf^l 
SOOpF SYNC 
lOOpFCM-ROM 
5O0F CM-RAM 
CouT-20pF 



Notos: l .tHmaMurodwftti^A - lOmoc 

2. T^cC Oa«« But, SYNC and CM-lino output ooeoM timo ro<«rrod to ttio #2 •^•'•"t trtat w»»<eh elockt tlMW Unm OMt. Iqs <» 
■mo output oocoss timo roforrod to tho loodina oda* ol tho noat #2 

3, All MCS40 co ftipoftontt which fnoy troMmit wwiruetiofi or doco to tho 4004 ot M2 ond X2 ohMytontir • floot Mto until tho 
4004 tokos ovor iho dou but at and X3 timo. Th»o<oro thotn roquiromom it oh^^vt in«irod tineo ooeh eompooom 
comributot 1(WA ot lookoa* oiff om and lOpF of opacitonco wfhieh autrohtoat ihot tho data taut coiwiot chana* ^ V/k 

4- CqaTA bus * 200pF if 4008 and 4009 or 4280 it UMd. 



a 




FiQura 1. Timint Dto|rain* 
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